Introduction
Rheumatoid arthritis (RA) is an autoimmune, symmetrical polyarticular disease which is characterized by chronic inflammation of the synovial joints affecting primarily the diarthroidal joints. The pathogenic characteristic features of RA includes synovial hyperplasia and inflammation accompanied by cartilage loss and joint destruction, which result in extremely painful, impaired functional status that produces substantial morbidity as well as an increase in mortality [1] .
In a properly functioning body, albumin is not normally present in urine because it is retained in the blood stream by the kidney. Microalbuminuria (MA) occurs as a leakage of small amounts of albumin into the urine, when there is an abnormal high permeability for albumin in the renal glomerulus of the kidney. MA is not a small albumin molecule found in the urine, but it is defined as 30-299 mg of albumin being lost in urine per day undetectable by the dipstick method. In proteinuria, the level of protein in urine is more than or equal to 300 mg a day [2] .
In RA, glomerular proteinuria is considered as a complication of advanced disease caused by either direct effects of the disease on the kidney or actions of nephrotoxic drugs or both. However, subclinical renal dysfunction is not uncommon in RA and many patients with incipient nephropathy are not detected by routine laboratory assays for urine total protein. An elevated urinary albumin index and estimation of MA is useful for the finding of subclinical glomerular injury in patients with RA [3] . Renal dysfunction might be detected earlier by the appearance of MA [4] .
RA associates with cardiovascular disease (CVD); the strength of this association may be comparable to that observed with diabetes mellitus. The inflammatory background of RA patients would subject them to a higher prevalence of MA. Furthermore, MA could theoretically serve as a useful tool for cardiovascular (CV) risk stratification [5] .
The metabolic syndrome (MetS) describes a constellation of major risk factors for CVD such as atherogenic dyslipidemia, obesity, hypertension, and diabetes. These associated risk factors have been previously called syndrome X, or the insulin resistance syndrome. The National Cholesterol Education Program's Adult Treatment Panel III (NCEP-ATPIII) and in 2005, the International Diabetes Federation, defined the MetS as the metabolic complications of obesity with the inclusion of the clinical characteristics of abdominal obesity (increased waist circumference), atherogenic dyslipidemia, hypertension, and raised fasting plasma glucose concentrations [6] .
In this work, we aimed to detect the prevalence of MA in patients with RA and study its correlation with disease activity and severity. Our aim extends to identify the association of MA with the MetS which describes the risk factors linked to CVD disease in RA.
Patients and methods

Patients
A total of 30 patients fulfilling the 2010 American College of Rheumatology/European League against Rheumatism classification criteria for RA were included in the study. Their ages ranged between 21 and 68 years. Totally, 20 apparently healthy participants were included as controls. Patients and controls were recruited from the attendants of the inpatients' unit and outpatients' clinic of the Rheumatology, Rehabilitation and Physical Medicine Department, Benha University Hospitals. Patients with evidence of previous renal diseases or proteinuria and patients using nephrotoxic drugs were excluded from the study.
A written informed consent was obtained from all the patients and controls according to the principles of the ethics committee of Benha Faculty of Medicine.
All patients underwent a thorough baseline evaluation including a detailed review of their medical history, physical examination, and disease activity score for 28 joints (DAS28) calculation. Venous blood samples were collected in the fasting state on the same day of clinical evaluation. Laboratory investigations were performed including full and differential blood count, erythrocyte sedimentation rate (Westergren method), a full biochemical panel, C-reactive protein (CRP), and fasting lipids and glucose. Early morning, midstream urine samples were collected from all the patients and urinary albumin concentration was determined by the immunoturbidometric assay. Urinary creatinine was measured by an endpoint Jaffe reaction. For standardization of urine concentration, urinary albumin was expressed as the ratio of urinary albumin to urinary creatinine (μg/mg).
Each patient's current medication was recorded with special interest in potentially nephrotoxic drugs. Traditional CVD risk factors recorded for each patient included: (a) blood pressure, (b) fasting lipid profile, (c) BMI calculation (kg/m 2 ), and (d) waist circumference measurement (cm). The MetS was defined by the updated Grundy's criteria 2005.
Participants were classified as having MA if the level of urinary microalbumin was greater than 15 mg/l or albumin: creatinine ratio was more than 30 μg/mg.
Statistical analysis
Statistical analysis was performed using the statistical package for social sciences software, version 16 (SPSS; SPSS Inc., Chicago, Illinois, USA). Clinical and laboratory variables were presented as mean±SD for continuous data and as number (%) for qualitative ones. Student's t-test was used for comparisons of continuous data between groups, whereas χ 2 -test was used for categorical data. Level of evidence less than 0.05 was considered statistically significant. Correlations were evaluated using Spearman's rank correlation coefficient (r).
Results
Thirty RA patients [nine (30%) men and 21 (70%) women] aged from 21 to 68 years (mean±SD: 42. Demographic, clinical, and laboratory characteristics among RA patients and control group are presented in Table 1 . The RA patients' group had highly significantly elevated mean values of systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting blood sugar (FBS), triglycerides, high-density lipoprotein (HDL), erythrocyte sedimentation rate (ESR) first hour, CRP, and blood urea compared with the control group. The RA patients' group had highly significantly elevated mean values of urinary microalbumin and urinary albumin to creatinine ratio (A/CR) compared with the control group. The frequency of the MetS according to Grundy's criteria was 60% in the RA patients' group. This frequency was highly statistically significant compared with the control group (10%). Table 2 shows comparisons of the clinical status and current medication in the RA patients' group according to the frequency of MetS. Patients with arthritis and pleurisy had an increased prevalence of MetS that did not reach statistical significance, while there were statistically significant differences for RA patients with subcutaneous nodules (P=0.041) and conjunctivitis (P=0.025) regarding the frequency of the MetS.
Regarding the RA disease activity, the MetS was associated with different disease grades with no statistical significance between them. Statistically increased significant differences in the frequency of the MetS was observed in patients treated with corticosteroids (P=0.04), whereas the frequency was also increased in patients on antimalarial drugs with no statistical difference (P=0.75). The frequency of Although RA patients with MA had increased mean values of disease duration, BMI, waist circumference, FBS, triglycerides, HDL, DAS28, and Larsen's score, they had no statistically significant differences compared with normoalbuminuric patients. Table 4 shows Spearman's correlation coefficients between urinary microalbumin levels and some clinical and laboratory variables in RA patients' group. There were highly statistically significant positive correlations (P<0.001) of urinary microalbumin levels with disease duration, duration of morning stiffness, number of tender joints, number of swollen joints, ESR first hour, CRP, Larsen's score, DAS28, and A/CR.
Discussion
MA is one of the important biomarkers involved in various disorders related to RA. The prevalence of MA in RA is higher than that reported in the general population. It appears predominantly to associate with hypertension and not with inflammation or therapy and may be a marker for RA patients with the MetS [7] .
The epidemiology of MA shows a close association with systemic endothelial dysfunction, vascular disease, and also implicates glomerular endothelial dysfunction [8] .
A predominant effect of sex hormones on the pathogenesis of RA is evidenced by the disproportionate number of women with this disease [9] . This was confirmed in our study where nine (30%) patients were men and 21 (70%) patients were women.
In our study, the RA patients' group had a statistically significantly higher frequent MA than the control group (50 vs. 10%; P<0.001). Meanwhile, these patients had a highly significantly elevated mean values of urinary A/CR ratio (P<0.001) compared with the control group.
In a study by Pederson et al. [10] , MA prevalence in nondiabetic, nonhypertensive participants, was significantly higher in RA patients compared with the controls (27.7 vs. 7.8%). However, that cohort included many patients on gold or penicillamine which are rarely used nowadays and have been associated with MA in RA. Another large-scale study by Sihvonen et al. [8] focusing on the role of renal disease as a predictor of survival, which did not explore potential associations with CVD risk factors, showed a similar prevalence of MA among 604 (5.63%) RA patients and 457 (5.91%) age-matched and sexmatched controls. In a study of 39 nondiabetic, nonhypertensive RA patients made by Mpofu et al. [11] , the prevalence of MA was 7.7%, a percentage comparable to that of the general population. A study made by Dimitrios et al. [12] showed that an overall prevalence of MA of 11.9% in patients with RA (including those with diabetes or hypertension), a percentage higher to that reported for the general population (7.2%) in the largest scale study performed in more than 40 000 participants aged 28-75 years made by Hillege et al. [13] . These results were inconsistent from ours. This discrepancy from our study may be explained by the method of microalbumin detection or number of participants.
A study made by Jensen et al. [14] in the detection of MA, the nosographic sensitivity and specificity, and the diagnostic specificity were 58, 97, and 66% for urinary microalbumin, and 73, 97, and 73% for urinary A/CR, respectively. They concluded that the measurement of the A/CR concentration ratio is a specific and quite sensitive alternative to the measurement of the urinary albumin excretion rate in timed collections, when screening for MA.
In this study, MA correlated with the duration of RA, where patients with MA had a longer disease duration with no statistical difference between both groups (P<0.297). Pederson et al. [10] found that patients with MA had a significantly higher mean duration of RA than the group with normal urinary level of microalbumin (P<0.05). A highly statistically significant correlation of morning stiffnessduration (P<0.001), CRP (P<0.001), and ESR (P<0.001) with urinary microalbumin level was found in our RA patients. This supported the findings of Pederson et al. [10] We also confirmed the results of Dawnay et al. [15] and Pederson et al. [10] who found an association between urinary excretion of albumin and CRP. The possible correlation between urinary excretion of microalbumin, disease activity, and duration of RA disease can be explained in two ways, either a long-standing RA disease tends to affect the kidney and the systemic vascular permeability more or patients that with a longstanding disease receive more nephrotoxic systemic treatment [7] .
According to Grundy's criteria, our RA patients had a statistically significant higher frequency of MetS (60%) compared with the control group (10%). Several studies have demonstrated that inflammatory processes are involved in the pathogenesis of MetS. On the other hand, there is evidence that components of CV risk increase the inflammatory burden in RA [16] . The current results are consistent with the study done by Chung et al. [17] which showed that MetS was significantly more prevalent in American patients with long-standing RA (42% WHO and NCEP/ ATPIII criteria) as well as in early RA patients (31 and 30% WHO and NCEPIII criteria, respectively) than in the controls (11 and 22% WHO and NCEPIII criteria, respectively). Karvounaris et al. [18] have found a low prevalence of MetS (defined with NCEP/ATPIII criteria) in 40% of RA patients compared with their control population and documented a relationship between disease activity and the presence of MetS. On the contrary, Sahebari et al. [19] have found that MetS was to be more common in the normal population (45.2%) than in the RA patient (30.8%). This great diversity in the frequency of the MetS between our study and others can be attributed to the fact that the prevalence of the MetS in RA depends on the definition used [20] . At present, six definitions for MetS have been established. These definitions have similarities; however, they differ in some of the components as well as in their specified cut-offs and weights. Moreover, differences in ethnicity, geographic area, study design, population studied, differences in the baseline characteristics, and the lifestyle of the population studied may clear the disparity. For example, older patients may have more disabilities leading to a sedentary lifestyle compared with younger populations. It can affect lipid profile and blood glucose levels and, therefore, have an impact on the prevalence of MetS [21] .
In our study, RA patients had a statistically significantly higher SBP (P=0.004), DBP (P=0.004), FBS (P=0.004), TG (P<0.001), and HDL (P=0.048) than the control group, however, there were no statistically significant difference between both groups regarding the mean value of waist circumference (P=0.558). This agreed with Dessein et al. [21] who stated that traditional risk factors such as HTN, central obesity, and dyslipidemia occur more frequently among patients with RA. The clustering of risk factors associated with central obesity (elevated glucose, dyslipidemia, and elevated blood pressure), often referred to as the MetS, is associated with a 2-5-fold increased risk for the development of type 2 diabetes and a 3-4-fold increased incidence of CV diseases [6] . This is not in conformity with Karvounaris et al. [18] , who found that controls were more likely to have hypercholesterolemia (75 vs. 63%; P=0.001) and high HDL (64 vs. 54%; P=0.01). Moreover, Sahebari et al. [19] have found that SBP, DBP, serum levels of TG, LDL were significantly higher in healthy controls (P<0.05), whereas FBS was higher in RA patients (P<0.05). This difference could be explained by the large number of controls included in their study.
Our result differs from those found by Karvounaris et al. [18] and Dao et al. [22] , who found a correlation between DAS28 and individual component of MetS namely SBP (P=0.01) and a trend toward an inverse correlation with HDL (P=0.056). Besides, they found that significantly more patients without MetS had a low DAS index less than 3.2 compared with patients with MetS (16.5 vs. 2.8%; P=0.003). Sahebari et al. [19] have claimed that DAS28 ESR is only a singlepoint measure of disease activity, whereas for RA, this will vary over time. A single measure does not give a very effective estimation of disease activity overall, and this may be a reason for the lack of association between disease activity and presence of MetS. Therefore, using multiple markers could give a better estimation of disease activity and its association with MetS.
In the present study, a statistically increased significant difference in the frequency of MetS was observed in patients treated with corticosteroids (P=0.04). In other studies, this association was not found. The role of glucocorticoids is complex. On the one hand, longterm use at high doses is associated with adverse lipid profiles, hyperglycemia, HTN, and central obesity that contribute to the development of MetS. The negative association between MTX use and the presence of MetS, suggesting its protective effect against the development of MetS, may be attributed to an antiinflammatory effect or a drug-specific effect (because it was not observed with any of the other disease modifying antirheumatic drugs or biologic agents).
The MetS was prevalent in 13/15 (86.6%) of our RA patients with MA, whereas five (33.3%) normoalbuminuric RA patients had the MetS. A statistically significant difference was observed among these groups regarding the frequency of MetS (P<0.05). A cross-sectional analysis made by Cirillo et al. [25] on 1567 participants aged 45-64 years, without diabetes mellitus, and with fasting plasma glucose levels of less than 7.8 mmol/l, blood pressure, plasma cholesterol levels, smoking, and BMI significantly related to urinary albumin excretion and prevalence of MA. In analyses with controls for multiple variables, they concluded that major CV risk factors, e.g. male sex, higher SBP, higher plasma cholesterol level, smoking, and higher BMI are independent correlates of MA in nondiabetic middle-aged adults.
The presence of MA can be regarded as an index of increased CV vulnerability and a signal for vigorous efforts at correction of known risk factors [8] .
Conclusion
MA and MetS prevalence was frequent in RA and they mutually increased the occurrence of each other in a long-standing disease with higher disease activity. Detection of MA and/or MetS allows introduction of aggressive measures to reduce inflammation and subsequent CV risks. Such patients may require more aggressive screening and management approaches for CVD risk factors. Interventions are needed to modify the progression of MetS and/or MA at an early time point after the onset of the RA disease.
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